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Pe Cs has long been defirous of inveftigat. 

ing the Caufes of things; but has ufually made 
flow progrefs, where the modus operandi, or the cone 
necting link between caufe and effect, could neither be 
feen nor felt. To explain the phenomena of Thunder 
and Lightning, fhe firft created a Jupiter, and then 
forged his thunderbolts. For the caufe of Tempetts, 
fhe reforted to the influence of the Stars. And Hero- 
DOTUs very gravely tells us, that the return of the Sun 

from the fouth, after the winter folftice, is owing to 
the prevalence of a violent South Wind in Egypt. 

The Origin of Springs is a fubjeét of this invifible and 
impalpable nature ; and, as might have been expected, 
has long agitated the Republic of Letters. AxisTo- 
TLE informs us, that the air, which is inclofed in the 

vaults and caverns of the Earth, is condenfed into wa- 
"ter near the furface ; and thence flows out in fprings.. 
In the prefent ftate of fcience, probably, no one will” 


ahink, that this fcheme needs a refutation. Many au- 
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thors, however, who have treated it with an unbecom. 
ing ridicule, would have {pared their wit, had they. 
known, that their own hypothefes, devifed more than 
two thoufand years afterwards, were deftined to a fim. 
ilar fate with that of the Grecian’ Philofopher. a 
The Modern Theories may be reduced to three claffes, 
They all find the refources of Springs i 
In the Ocean ; 
In an Abyfs, in the bowels of the Earth ; or 
In Vapour.» « . 


Thofe, who draw the water of Springs from the | 


we Se ear 


Ocean, have been puzzled to convey it to their orifi-. © 


ces in the ftate in which we actually find it. Springs 
are ufually frefh : the Ocean is falt... Moft Springs are 
higher, and fome many thoufand feet higher, than the 
level of the Ocean... To raife their fupplies requires, 
therefore, a force fuflicient to counteract the force of 
Gravity. 


flit: 


Thefe difficulties, attending the firft clafs of theories, | 


have coft its advocates no {mall expence of labour and 
ingenuity. Des:Cartes, to avoid them, kindled a 
fire in the bowels of the Earth, by which he converted 
the water of the Ocean into Vapour. This Vapour, 
he colleéted in hollow fubterranean caverns, and thefe 
condenfed it into water. *.Some of his followers, difpenf- 
ing with thefe caverns, raiféd their vapour thus form- 
edthrough the interftices of the ground, until it was 
condenfed by cold near the furface. -Had Des Car- 
res and his difciples adopted the rule, which after- 
wards directed therefearches of NewTon ; 


Never to afcribe aphenomenon to any caufe, until the ex- 


iftence of that caufe is proved:; their fubterranean fire 
would..never have been kindled. Perhaps, .alfo, they 
would have found the remote caufe of fprings in the 
heat. of avery different fire ; kindled, not merely in 
the imagination,—and by the hand of Ons, all whofe 
theories are only. praétical. 

‘The-exiftence of this fubterranean fire is a mere hy- 
pothefis,+—wholly unfupported by proof. *:So far as the 
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m. “interior of the Earth has been explored; its tempera- 
ey. ‘ture -below 1000 feet has been found, ‘in “all latitudes, 
an to be about 50° of Fahrenheit : a temperature; which 
m- | will appear wholly inconfiftent with ‘the exiftence 


of fuch'a fire, if we attend to the following facts:— 
8, The Rivers now running have probably flowed ever 
fince the Deluge; and the quantity of water, which 
they now difcharge, has doubtlefs been their average 
fupply. _ Vapour is found to lofe 1000° of *heat, when 
condenfed to water : and water abforbs the fame quan- 


le FS tity, when-reconverted into vapour. According to the 

fi. theory, the vapour muft rife, before it is condenfed, ; 
53 at leaft as high as the Springs which it fupplies: What | 
ree an incalculable quantity of heat: muft then have been H 
le difcharged near the furface of the Earth, in order to 
S, fupply the rivers with water fince they firft began to ! 
of flow. This heat muft have been conftantly accumulat- 


ing near the furface, during fo long a period... Why, 
S, then, is it no where’ difcovered ? 

d Others have attempted to avoid thefe objections, ‘by 
a calling in the aid of capillary attraétion. “As water is 
d known to afeend in ‘g/a/s tubes of a very {mall bore, it 
> is concluded that it may alfo afcend through duéts in 
e the Earth of a fimilar fize. « Hence the exiftence of fach 
- duéts, and the afcent of water through them, are tak- | 
. en for granted. The Springs, which feed the Ama. 
S zon, are feveral thoufand miles from the Ocean ; and 
. many of them iflue from two to four miles above its 
. level. He, who can believe, that the interior of the 
Earth is thus furnifhed with an apparatus of natural ca- 
pillary aqueducts: running: horizontally thoufands of 
miles, till they meet a mountain fit to harbour a fpring, 
and then afcending perpendicularly to an orifice ; has 

faith enough and to fpare. 
But if thefe ducts actually exifted, they ~would» not 
_ explain the phenomena of Springs.—To whatever caufe 
the rife of water in capillary tubes is owing ;: whether 
to the attraction of the whole interior furface of the tube ; 
or to the attraction of the ring of glafs contiguous tathe 
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upper furface ; Reafon demonftrates, that fuch a tube 
catinot raife more water'than it can fain ; fince the 
nearer the fluid is, the ftronger is the attractive force,’ 
Experiment confirms this ‘conclufion ; for a capillary 
tube, however fhort, cannot be made’ to run over.— 
The force of capillary attraétion, alfo, will raife water 
but to a very moderate height. ‘The propofition found 
in moft Treatifes on Hydroflatics—That the height to 


which fluids rife in capillary tubes, is inverfely as the diam- 


eter of their bores—has led many to the erroneous con- 


clufion, that if the bore is indefinitely fmall, the fluid’ 


willafcend to an indefinite height. But the fac is 
otherwife,: Dr. Hooke, after many experiments with 
what he calls cobweb tubes, was unable to raife water in 
them more than 21 iftches.—Should we, therefore, 
fuppofe fuch ducts to exift in the earth of the requifite 
length and*pofition, capillary attraction would not raife 
water in any of them to-a greater height than 21 inch- 


es; nor, even in thofe of a lefs length, would it caufe. 


the fluid torun over. 

Others allege, that if a {mall heap of afhes or fand 
is'put into-a bafon ‘of water, the water willrife through 
it, above its own level, to the top of the heap. The 
compare ‘the Dry Land to the heap of afhes ; and the 
Ocean tothe water of the bafon ; and infift that the 


water of Springs rifes in the fame manner through hills © 


and mountains.—I am not informed, that any experi- 


ments have-been tried to afcertain the height, to which. 


water will thus afcend through afhés, or through fand. 
The caufe of its afcent, however, is well known to be 
a mutual attraction fubfifting between the particles of 
afhes or fand; and tkofe of water. "Whether this at- 
traction be chemical or mechanical, it is to me felf evi- 
dent, that no attraction can raife more water than it 
can/uftain.— Tf it is chemical, it will continue to raife 
the fluid until the heap is thoroughly /aturated, and no 
longer. Should the other particles of the fluid attempt 
to fupplant thofe which were firft combined, thefe 
would effectually refift the attempt by the right “of o¢- 
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ye If the attraction. is~ merely» mechanical; its 
force is. well known to diminith, as. the /quare of the dif- 
tance increafes. ‘The heap, therefore, being fuppofed:to 
have raifed as much water as. it can, fuftain ; it is obvi- 
ous, that the particles of water.actually raifed willbe 
in immediate contact with the afhes or fand, while: all 
the other particles will be at.a greater: diftance from it. 
The water rai/ed will thus be more ftrongly attracted, 
than the water not raifed..Of courfe, the afhes or fand 
will continue to fuftain the particles firft raifed ; and will 
not, be compelled, by a weaker force, to let them go, 
and thus. make room for others. - In other’ words, a 
feebler attraction. can, not overcome. one,’ that.is more 
powerful. | 
But it is faid, that if we conceive of angular, pipes 
or ducts in the Earth, having the form, pofition,: and 
properties, of a /yphon ; the water of the Ocean may 
afcend and be difcharged. through them, by the fame 
laws which regulate. that.inftrument, We will admit, 
for the argument, that it is ftri€tly philofophical to con- 
ceive of ducts or pipes in the Earth hermetically tight, 
and of a fufficjent extent to-anfwer the purpofe. © This 
hypothefis will, neverthelefs, be attended with. an-in- 
fuperable difficulty. It is.. well. known, that the dif- 
charging orifice of the fyphon muft be herizontally low. 
er than the furface of :the.refervoir.. In the cafe fuppo- 
fed, the Ocean is the refervoir. ..Of courfe, no fpring, 
that is not fomewhat below the level of the Ocean, can 
be fupplied by a natural fyphon. . Withthe few fprings 
fo fituated, we will not embarrafs our enquiries: ::fatif- 
fied, that that wispom, which, operates by general. laws; 
and, by the fimpleft means, produces ,the moft magni- 
ficent refults.; when it, had;filled the: Upper Springs, 
could find no difficulty in fupplying the “nether.” » . 
The Wet Rag, like\the Syphon, has beém called‘n\to 
relieve the,perplexities of Philofophy. Itis well known, 
that if fuch a rag is thrown. partly over ‘the. fide of a 
veflel. of water, the water will drop from’ the exterior 
end of the rag, until the whole is thus-drawn off.» The 
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Wet Rag in this cafeis a fort of chumfy natural fyphon. 
But, like the more-regular inftruments of art, it is 
faithfully true to its principles of aétion. Unlefs the 
furface of the fluid is*above the horizontal level of the 
exterior end of the» Rag, it is found, that not a drop 
of water will. fall. 

None of thefe various fchemes, therefore, if they 
would explain the afcent- of water to the orifices of 
fprings, will account for its rumningjover, = * : 

Nor will either of them furnifh the reafon, why the 
water of {prings is frefh. The water, when it begins 
to afcend; is mere brine ; and is fuppofed to lofe its 
falt in the paflage. If it were true, that brine would 
thus become frefh, it would follow, that the loweft 
ftratum of earth, or that neareft. the Ocean, would 
be immediately, ‘and the fuperior ftrata gradually, fat- 
urated with falt ;. and both would of courfe decline re- 
ceiving any more from the brine, as it pafled them on 
its way upward to the fountains. . The brine would 
thus frefhenlefs and lefs in its paflage ; and in the end 
would continue wholly falt.. The lower ftrata, alfo, 
would foon be faturated with folid falt ; that either the 
tubes, or the interftices, or the fyphons, Would become 
completely clogged; and incapable of any farther tranf- 
miffion of brine. . 

But it is not true, that fea-water is made frefh, by 
filtering through dry fand or dry earth. Experiment 
has proved, -again and again, that, if brine is filtered 
through dry earth any number of times, its faltnefs is 
not perceptiily diminifhed. . The quantity of fluid is 
indeed leffened ; but that,-which remains at the end 
of the procefs, is found to retain its original proportion 
of falt; and that, which is retained by the fand, ad- 
heres to it in the fhape of brine, and not of /olid /alt. 
Thefe confiderations have fatisfied me, that we muft 
look to fome other fource than the Ocean, for the wa- 


. ter‘of Springs. 


The fecond clafs of Theories comprifes thofe, which 


attribute the Origin of Springs to a vaft Aby/s in the 


bowels of the Earth. 
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When Philofophy difcovered this Abyfs, her motives 
were praife-worthy, whatever we may think of her Lo- 
gick. Infidelity had often attacked the Scriptural ac- 
count of the Deluge, on the ground, that all the wa- 
ter on the globe was not fufficient to cover its furface 
to the depth reprefented by Moszs. This objection, if 
the fact it afferts were true, would reft on the unfound- 
ed principle, that the CREATOR of all things is de- 
pendent on the things that are made for the accomplifh- 
ment of his purpofes. Some well meaning friends of 
the Penteatuch, alarmed for the credit of Mosgs, devi- 
fed this Abyfs as the receptacle, in which the waters of 
the Deluge were gathered, that they might no more over- 
flow the face of the Earth. Several philofophers, who 
had been put to great difficulty to account for the Ori- 
gin of Springs, finding, in their fubterranean refearch-. 
es, fo copious a refervoir prepared to their hands ; im- 
mediately feized upon it as the fource, whence they 
were fupplied with water. 

The beft account I have feen of this Abyfs, and of 
the manner in which fountains are fed by it, is found 
in Catcort’s Treatife on the Deluge: a work declared 
by Jones and Apams, two diftinguifhed philofophers 
of Great Britain, one of the laft, the other of the pre- 
fent century, to be “ the moft critical and fatisfactory 
difcourfe extant on the origin of Springs and Rivers.” 

Mr. Catcott explains his own view of the internal 
ftruéture of the Earth, as it has exifted fince the De- 
luge, by an engraving, reprefenting the plane of one.of 
its Great Circles. “ At the centre we find,” to ufe his 
own language, “a folid ball, or Nucleus, of terreftrial , 
matter, fortued from what the water of the Deluge, 
in its defcent from the furface and paflage through, the 
ftrata of the Earth, tore off, and carried down with it 
into the Abyfs, and repofited at the loweft place, A- 
round this Nucleus is the great Aby/s of water, with | 
which all feas, lakes and rivers communicate. This A- 
byfs contains fo large a quantity of water, that only a 
{mall part of it was ufed e the Deluge... Laftly, we 
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find the Cruf of the Earth furrounding the Abyfs, and 
broken into innumerable apertures and fiflures 5*the 
largeft of which are the beds of Lakes, Seas and Oceans; 
the next lefs are the canals for the waters of Springs; 
and the leaft, the cracks, through which the vapours 
of the Abyfs afcend into the Atmofphere.” ‘To render 
this account more intelligible the Author compares the 
Earth to an Egg : its Cruft to the Shell ; the Aby/s, to 
the White ; and the Nucleus, to the Yo/k. He then en- 
ters.into an elaborate argument to prove the exiftence 
of this Abyfs of waters; an attempt, in which he is 
pronounced fuccefsful by Jones and ADAms. 

Three methods are pointed out by Mr. Catcort, in 
which the waters of the Aby{fs may be conveyed to the 
orifices of Fountains : 

By the afcent of Vapour through the Cracks in 
the Cruft ; 

By Upward Filtration ; and 

By the Preffure of the Ocean. 


+. The Vapour, mentioned in the firft method, is fu 


pofed to be occafioned by a frre, exifting fomewhere in 
the bowels of the Earth. ‘To avoid repeating what has 
already been faid refpeéting an internal fire ; I will 
barely remark, that fuch a fire can not exift in the Nu- 
cleus ; for there can be no regular fupply of air to fup- 
port it: nor in the Aby/s ; for, had rt once been kind- 
led there, the water muft immediately have extinguith- 
edit : and that if fuppofed to exift in the Cruf, it 
could have no effect on the waters beneath, Were we, 
however, to allow the exiftence of fuch a fire im the 
Nucleus, operating on the bottom of the Abyfs, like 
our common culinary fires on the bottom of a kittle : 
ftill, the Vapour thus occafioned would be condenfed, 
in its afcent through many miles of cold water, long 
before it reached the under furface of the Cruft. The 
only alternative is to imagine the Abyfs to be, and to 
have always been, an immenfe fubterranean ocean of 
hot water —In this way, if we fuppofe 1ft.. That there 
is fuch an abyfs ; 2dly, That it is a mere mafs of hot 
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water; Sdly. That the Cruft. of the Earth has the re- 
quifite number of cracks and fiffures ; and 4thly. That, 
near the furface, the vapour finds the proper caverns 
or refrigeratories to condenfe in: we fhall have made 
but two more fuppofitions than the Indian, who. put 
the Earth on an Elephant, and the Elephant on a Tor- 
toife. 

If Vapour is thus continually rifing from the Abyfs, 
why do we never fee it making its way above the fur- 
face in a vifible fhape? To this queition, Mr. Car- 
coTt replies, ‘“* As to the afcent of Vapour through 
the fiflures of the Earth, this is a fact, the reality of 
which any, one may be convinced of, who will give 
himfelf the trouble of looking into the infide of the Earth.” 
Of the Earth, moft of us, probably, are merely fuper- 
ficial obfervers. For myfelf, unfortunately, I never 
had an opportunity of examining its infide except 
while exploring a cave about 70 feet deep. In that, and 
in moft other caverns and mines, water is feen dropping 
from the roof, and trickling down the fides, of thofe 
fubterranean recefles ; and the atmofphere, thus conti- 
nually moiftened, has no chance of being dried by the: 
heat of the Sun. Miners, however, and moft other 
vifiters of caverns, guided by common fenfe, have 
been led to attribute the. moifture to thefe caufes, and 
not to fubterranean exhalations. 

The fecond method devifed for the afcent of the wa- 
ters of the Abyfs is Upward Filtration. I flatter my- 
felf, that it has been already evinced—that water cane 
not, thus, afcend to.a fufficient height :—That, if it 
could, it would not run over; and that, fuppofing it 
would rug oyer, yet, if originally falt, it could not be 
made frefh.” 

With regard to the quality of the water of the A- 
byfs, Mr. Carcorr obferves, that ** we catnot have 
any abfolute proof that it is falt ; and I could give fe- 
veral reafons to fhow that it may not be fo ; at leaft, 
not equally falt with the fea.” What thefe reafons are 
he does not inform us. Perhaps it is owing to this o- 
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miffion, that feveral reafons of a contrary efficacy have 
fatisfied me, that the Abyfs, even if it were originally 
frefh, muft now confift of falt water. The Deluge 
prevailed on the Earth one hundred and fifty days. The 
waters of the Abyfs, according to Mr. C. were employ- 
ed, as fubfidiary to thofe of the Ocean, in drowning 
the dry /and ; and then were returned to their appointed 
bed. Great indeed muft have been the care, taken dur- 
ing that long period, to prevent the brine of the Ocean 
from intermixing with the frefh water of the Abyfs, 

The Ocean, alfo, according to Mr C. communicates 
directly with the waters of the Abyfs; or in other 
words, is a part or continuation of it. If this be the 
cafe, the waters of the Abyfs muft be at leaft as falt as 
thofe of the Ocean ; for falt water is heavier than frefh, 
and will fink in it until there is produced an equilibri- 
um of fpecific gravity, 

If the Ocean is not a part of the Abyfs, but refts 
upon a fubftratum of earth, which in its turn refts up- 
on the furface of the Abyfs; then, no reafon can be 
afligned why a due proportion of the cracks and fiflures 
in the cruft fhould not be afligned to the bed of the 
Ocean. Only one fifth of the furface of the globe is 
dryland, The remaining four fifths are covered by 
the Sea. The Dry Land, according to the hypothefis, 
has as many fuch fifflures as it has Springs, And fin- 
gular indeed muft have been the care neceflary after 
the Deluge, in fettling the Wreck of Elements, to dif- 
tribute these fiflures in fuch a manner, that fo many 
fhould be found in the Land, and not one in the bot- 
tom of the Ocean. 

If thefe cracks and fiflures are impartially diftributed 
over the Cruft of the Earth; it is clear, @Hat the wa- 
ters beneath muft be as falt as thofe above. Let us fup- 
pofe that, during the Deluge, the waters of the Abyts, 
by a ftrange coynefs, were preferved from contamina- 
tion ; and that, after their driny ordeal, they returned 
pure to their native bed. Stillthey could only have re- 
turned to meet dangersinfurmountable. The brine of 
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the Ocean, being fpecifically heavier, muft immediate- 
ly have begun to defcend through fome of the cracks, 
and the water of the Abyfs to afcend through others. 
Nor, could the procefs have ceafed, until it had produ- 
ced an equilibrium of preffure. If this rotation in the 
waters of our Great Globe is not yet over, it will ac- 
count, in a manner which Haury never dreamed of, 
for whirlpools, edies, and water{pouts. 

The third mode contrived for the afcent of the wa- 
ter of the Abyfs is the preflure of the Ocean. This 
Preflure is thus explained.—A’ crack or fiffure pafles 
downward, from the orifice of every {pring, through 
the Cruft, to the furface of the Abyifs, which is fuppo- 
fed to be frefh. If water is poured into one arm of a 
bended tube, and oil into the other; the level of the 
oil, as being the lighter fluid, will remain higher than 
that of the water. The whole cavity of the Ocean 
may be confidered as one arm of fuch a tube ; a given 
crack or fifflure, the other ; and the Abyfs, the con- 
nection between them. ‘The brine of the Ocean, pref- 
fing upon the lighter fluid of the. Aby{s, will force it 

up through the fiffure, to a greater height than its own 
level, and thus will forma {pring. 

On this fcheme, the Ocean muft be connected with 
the Abyfs ; for, if it is mot, it cannot prefs upon it. If 
it is connected with it, then I think it has been prov- 
ed, that the waters of the latter muft be falt. - If they 
are falt, the preflure of the Ocean cannot raife them 
above its own level ; for, if water alone is poured into 
a bended tube, one arm of which is a hundred or a 
thoufand times as large as the other, {till the furface of 
the fluid in both will have the fame horizontal level. 

But if this preflure would raife the waters of the A. 
byfs to a fufficient height ; ftill, it would not make 
them frefh. The cracks or fiflures are mere tubes of a 
palpable diameter ; and to frefhen brine, merely by 
paffing it through a tube, is a harder problem than a 
difcreet Chemift would’attempt to folve. 

The manner in which fprings iflue from the ground, 
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alfo, completely difproves the theory. Springs make 
their way nearly to the tops of the Andes. If the pref 
fure of the Ocean is fufficient to force the water of the 
Abyfs to fuch a height ; but little of its force can have 
been fpent in fuch fprings as iflue on plains. In 
thefe, therefore, the water, inftead of merely gurgling 
upwards, as they actually do, fhould rife in sets ; and 
contiue rifing, until the impulfe communicated by this 
ure was overcome by the refiftance of the air, and 
the Force of Gravity. 

As to the length of the cracks or fiffures connecting 
Springs with the Abyfs, it fhould be remarked that the 
Cruft or Shell of the Earth cannot, on any reafonable 
fuppofition, be confidered as lefs than feveral miles in 
thicknefs. In a Globe of 8000 miles diameter, with a 
centrifugal force at its equator fo powerful as that of 
the Earth ; it will be readily felt by every man, that 
unlefs the Cruft were folid and fubftantial, there would 
be conftant and imminent hazard of fomething worfe 
than a mere fffure. Springs, alfo, are often two or three 
miles above the lével of the Ocean. Each Spring muft 
have its own fiflure commencing at the furface of 
the Abyfs, and reaching through the Cruft to the ori- 
fice. The man, who can believe that the Supreme Be- 
iNG could devife no eafier and better mode of watering 
the Earth, muft I think, be in great danger of thinking 
him, fo far as his wifdom is concerned, altogether /uch an 
one as himfelf. | 

Leaving, then, our fubterranean refearches, we will 
examine the Theory, which difcovers the Origin of 
Springs in Vapour. 

Vapour, as here ufed, is a comprehenfive term, in- 
cluding all the water, that rifes from the furface of the 
Earth by evaporation ; and all, that defcends on it in 
the form of dew, fog, mift, rain, fnow, and hail. 

This Theory may be thus explained. The Ocean is 
conftantly lofing vaft quantities of water by evaporation. 
Electrified bodies attrac light fubftances floating near 
them. The Land is more highly electrified than the 
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Ocean. Moft of the vapour thus raifed is drawn from 
the fea to the land. As mountains are more highly e- 
lectrified than plains, they attract the great body of the 
vapour which retains the form of mift ; while of that, 
which defcends in a more folid form, much more falls 
on the former than on the latter. The mift on moun- 
tains condenfes, and is precipitated in water. This uni- 
ted with the water ef rain and f{now, penetrates the 
ftrata of fand and the lighter earth, till it is ftopped in 
its courfe by more impervious fubftances ;. particularly 
ftrata of clay. In thefe, it forms'a bafon or refervoir ; 
from which, gradually working a paflage, it iffues out 
of the fide of the hill, in the form of a Spring. 

Dr. HaLuey was the inventor of this’ Theory. . His 
attention was directed to the fubject by the following ' 
faét. While bufied in making fome celeftial obferva- 
tions, on a hill in the ifland of St. Helena, he found, 
even when the fky was perfectly clear, that the quan+ 
tity of vapour colleéted on his lenfes, every few min- 
utes, was fo great, as wholly to impede his vifion. 

The following. well-known facts may: be adduced in 
its {upport. | 

Water, in the form of Vapour, is conftantly rifing 
from the Sea, in very large quantities, and in a ftate 
of frefhnefs. 

Rains are far more frequent and copious on moun- 
tains, than on plains ; and in mountainous countries, 
than thofe that are level. 

The earth on mountains is always moift ; even dur- 
ing a drought. 

- Almoft all fprings ifflue out of the fides of hills or 
mountains, or from lands adjoining them. 

The loftief{t. mountains yield the moft numerous riv- 
ers ; and the largeft, alfo, where they are far enough 
from the fea. . 

Brooks are uncommon in champagne countries ; and 
in countries, which have a ftiff clay on the furface. 

Brooks and Rivers may univerfally be traced to hills 
or mountains. | 
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Streams, wells, and fountains are fulleft in the Spring, 


€ 

In the Autum, many of them are abfolutely dried up. hs 
Thefe facts collectively prove, that the quantity of low 
water depofited on mountains is very great ; that they be it 
are well qualified to retain it for the fupply of Springs ; wat 
and that {prings and rivers are all of them in part, and befc 
many of them wholly, fupplied from this fource. be € 
Various objections are urged againft this theory. voil 
The firft is that water will not foak far enough into hap 
the ground.. M.De La Hire, a French Philofopher,to top 
prove this, tried the following experiment. He dug a it 
hole in the lower terrace of the Obfervatory at Paris ; poe 
and placed therein, eigh: feet under ground, a large a f 
leaden bafon, inclined a little towards one of its an- he 

‘ gles. To this was foldered a pipe, 12 feet long ; which, 

after a confiderable defcent, reached into an adjoining by 
cellar. He then filled up the hole with a mixture of oa 
fand and loam. After having kept the bafon, in this od 


fituation, 15 years, (the ground being conftantly ex- 
poted to al) the rains and fnows that fell,) he could , 
never obferve that.a fingle drop of water had pafled P 
through the pipe into the bafon. 

On this fubject, I will maketwo remarks. Ist. Wa- 
ter will certainly filter down, as eafily as it will filter up ; 
The attraction between the fand and the water is in each 
cafe the fame; and in filtering down, it has the very fe- 
rious afliftance of Gravity. If then, it will filter upwards 
many miles, it will certainly filter dowgwards eight 
feet. @dly. Our own eyes teach us, that deep wells 
frequently fail in dry weather ; and that wells which are 
30 or 40 feet deep are often very obvioufly raifed by 
the hard rain of a fingle night. Hence I am led to con- 
clude, either that the pipe employed in the experiment 
became clogged ; or that: Providence knows how to 
arrange earth, for the paflage of water through it, bet- 
ter than M. De La Hire. 

Itis likewife objected that {prings often rife on plains, 
and fometimes on the fummits of hills. Such occur- 
rences are uncommon. Of the few Springs which I) 
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have heard of as rifing on the tops of hills, almoft all 
have been found, on examination, to iflue many feet be- 
low the real apex. Were the fact otherwife, it would not 
be inconfiftent with the Theory.—In ftiff clayed grounds 
water may work its way a very confiderable diftance, 
before it finds an outlet. Springs, in wet lands, fhould 
be expected often to iffue feveral miles from the refer- 
voir, “And,” in the language of Hutton, “if there 
happen to be a valley, between a mountain on whofe 
top is a {pring and the mountain which is to furnifh 
it with water; the Spring muft be confidered as water 
conducted from a refervoir of a certain height, through 
a fubterranean channel, to makea jet of an almoft equal 
height.” 

It is alfo faid, that fome fprings are not at all affected 
by drought. This may be owing to the capacity of the 
reservoir ; and to the number of ducts which fupply it, 
and to the fmallnefs of the drain. 

But the principal objection is the infufficiency of va- 
pour to fupply the demands of fprings and rivers. 

Dr. Hautey tried the following experiment, to de- 
termine the actual evaporation from the Mediterranean, 
so far as it is occafioned by heat. He filled a bafon 
with brine, as falt as that of the Ocean ; and heated it, 
over a pan of coals, to the temperature of the air in fum- 
mer. By acareful examination he found, that the 
quantity loft by evaporation was a tenth of an inch in 
12 hours. He fuppofes the Mediterranean to be 40° 
long, and 4° broad ; making a furface of 160 fquare de- 
grees. According tothe experiment, therefore, it will 
lofe 5,280,000,000 tons of water ina day. The Medit- 
erranean receives the waters of the following confidera- 
ble rivers ; the Ebro, the Rhone, the Tyber, the Po, the 
Danube, the Neifter, the Neiper, the Don, and the 
Nile. Dr. Hauvey fuppofed, that, on an average, each 
of thefe yields ten times as much water as the Thames ; 
whereby he allowed for fmaller rivers which fall into the 
fame fea. From an ingenious menfuration, he conclu- 
ded, that the Thames — daily 20,300,000 tons. 
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‘The nine rivers, therefore, difcharge into the Mediter- 
ranean 1,827,000,000 tons of water in a day ; which is 
but little more than a third of what is raifed from its 
surface in the fame time, by evaporation. 

The above eftimate of the water of the Thames is 
profefledly overrated, and has fince been found, by Mr, 
Daron the Philofopher of Manchefter, to be about one 
third two large. Reducing the nine rivers in this pro- 
portion, we fhall find that their daily difcharge is only 
4,218,000,000 tons. This is rather lefs than 1—4th of 
the quantity evaporated from that sea; and leaves 
4,062,000,000 tons, or 3—4ths of the whole, to meet the 
evaporation from that immenfe region, by which thefe 
rivers and their branches are fupplied. 

From a feries cf obfervations refpecting the annual 


fupply of rain, made at 31 different {tations in England, . 


during different periods of from 1 to 21 years, Mr. 
Daron finds the average quantity for the whole of 
‘England and Wales to be 31 inches.. To this he adds 5 
inches for dew; making a total of 36 inches or three 
feet.. After a minute examination of the rivers of thofe 
two countries, he eftimates their whole annual dis- 
charge to be nine times that of the Thames. Allowing 
this calculatien to be correct, the rivers will exhauft on- 
ly 13: inches of rain; leaving 23 inches to evaporate 
from the land : a refiduum, which he finds, by a num- 
ber of experiments, to be amply fufficient. 

The quantity of rain, which falls in our own country, 
is believed to be confiderably greater than that in any 
country of Europe. ‘The exact amount however can- 
not, at prefent, be ftated with precifion ; as few gentle- 
men have hitherto made the requifite obfervations. I 
can only obferve, that I have feen various regifters of 
rain kept at different places for confiderable periods : 
and the average refults of a ftill larger number. From 
thefe I.am led to conclude, that the quantity of water, 
which annually falls.in rain fnow and hail, will average 
45 inches.. Yo this fhould be added 5 inches, at leatt, 
for dew ; making the whole 50 inches. The United 
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States comprife a million of fquare miles. Thirty five 
cubic feet of rain water weigh aton. A mafs of water, 
covering 1,000,000 {quare miles to the depth of 4 feet 


2 inches, contains 116,160,000,000,000 cubic’ feet 5 


amounting to 3,318,860,000,000 tons. 

By an examination of the Map of the United States 
it will appear, that, on its borders and within it, theré 
are 26 great primary rivers, or rivers communicating 
directly with the Ocean Thefe‘are the St. Lawrence, 
Penobicet, Kennebec, Ameriscoggin, Saco, Merrimac, 
Connecticut, Hudfon, Delaware, and Sufquehannah, in 
the North; and the Potowmac, Rappahanoc, York, 
James, Roanoke, Pamlico, Neufe, Cape Fear, Pedee, 
Santee, Savannah, Ogeechee, Altamaha, Apalachicola, 
Mobille, and Mifliffippi in the South. The St. Law- 
rence receives half of its water from the Canadas ; and 
more than three fourths of the fupplies of the Mifliffip- 
pi are furnifhed by Louifiana. Of this the proof is di- 
rect. The Obio, the only very large tributary from the 
eaft, is {maller than the Arkansas ; andthe Ji/linois, the 
only remaining ‘eaftern branch worthy of notice, is 
much lefs than the St. Francis. Onthe Weft, however 
there are alfo the Mi/fouri, which is larger than the Mif- 
fifippi itfelf before the junction, added to all the bran- 
ches from the eaft; and Red River, which is much lar- 
ger than the Ohio. 

Of the remaining primary rivers, the Amerifcoggin, 
Saco, Merrimac, Rappahannoc, York, Pamlico, Neufe, 
and Cape Fear, are about as large as the Thames ; and 
the Penobfcot, Kennebec, Ogeechee, and Altamaha, are 
not much larger. ‘Taking thefe facts into confideration, 
I am fatisfied, that, ifwe admit each of the 26 primary 
rivers to yield ten times as much water as the ‘Thames, 
we fhall allow a fufficient overplus to fupply all the pri- 
mary ftreamlets. On this suppofition the annual dif- 
charge of water from all the rivers of the Union will 
amount to 1,281,660,000,000 tons : leaving a refiduum 
of 2,037,200,000,000 tons to fupply the demands of 
evaporation from the Jand. 
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I am aware, that fuch calculations, in their own na. 
ture, do not admit of that certainty which is demanded 
in demonftration. Still they are fufficiently - accurate 
to leave the mind fatisfied. I am alfo aware, that their 
want of certainty comes with an ill grace from the 
mouth of the objector. As the advocates of the theory 
prove, in the outfet, that many iprings are wholly fup- 
plied in this manner ; the cafe with refpect to the others, 


is prima facie with them. As the objector takes the if- 
fue, the burden of proof refts upon his fhoulders. Un- 
til it is actually furnifhed I believe we fhall all admit, 
that Springs owe their origin only to Vapour. 
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EXPERIMENTS 
On the Fusion of various refractory Bodies, by the 
COMPOUND BLOW-PIPE or Mr. HARE, 


Br BENJAMIN SILLIMAN, Pror. Cuem. anp Min. 18 
Yavz-Co.iece. 











A sEcTION oF THE PNEUMATIC CISTERN or Yaz 


CoLLEGE with THE COMPOUND BLOW PIPE or. 


Mr. Hare FOR BURNING HIDROGEN, MINGLED WITH O%- 
IGEN GAS. 
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RereRENCES TO THE Ficure. 

AAAA.—The pneumatic cistern, filled with water ; for a 
plate, and full description, see the Boston Edition of Henry’s 
Chemistry. 

B.—A Gas Reservoir, of the capacity of twelve gallons, 
filled with oxigen gas, either by the action of the hydrosta- 
tic bellows at O, or, by a recurved tube, passing from above, 
through the water, and hooked under B: parallel, and conti- 
guous to B, on the other side of the cistern, is another gas 
reservoir, of the same capacity, which may be connected with 
B, or not, at pleasure. 
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C.—The same, in every respect, only C is filled with hi, 
drogen, by hydrostatic bellows at OO, or by a recurved tube, 
as above. . ' 

D.—Copper Tubes, half an inch in diameter, furnished 
with stop cocks at,f, and inserted into the gas reservoirs B. C, 

E.—Recurved tubes of flexible metal, furnished with dou- 
ble screws at F’, which connect them with a pair of brass blow 
pipes, cut off at G, and soldered to two strong cast silver 
tubes, which screw, air tight, into H, an inverted pyramidal 
piece of platinum, in which, two converging ducts as large as 
a pin are perforated, forming a continuation of the tubes, and 
uniting in a common passage, somewhat larger, just before 
their exit, at the common orifice below. The subject to be 
operated upon is sustained by charcoal, or forceps, and held 
by the hand, just below the orifice in the piece H. 

The gasses at B. C. are under hydrostatic pressure, which 
is easily recruited, as the gasses run out, either by throwing 
common air with the bellows, into one of the spare reservoirs, 
or, by introducing more of either of the gasses into the appro- 
priate reservoir, and, peculiarly of hidrogen, both, on ac- 
count of the facility with which it is obtained, and because, 
twice as much of it, in bulk, is wanted, as of oxigen. 

The rapidity of efflux of the gasses, and their due propor- 
tion, is easily regulated, by turning, more or less, the keys of 
the stop cocks at f, and the effects of either gas alone, may 
be observed, by shutting the stop cock leading to the other. 

When the compound flame is desired, the hidrogen is first 
let out, and fired ; the blaze should be somewhat larger than 
that of a candle ; the oxigen is then let into the hidrogen till 
the effect is the greatest, which alittle habit will soon ascer- 
tain. 

The flame of the hidrogen is very much narrowed, by the 
introduction of oxigen, and there is no appearance of peculiar 
splendor or heat, till some body, capable of reflecting the 
light and heat, is placed in the focus, which is usually about 
one fourth of an inch below the orifice. 

All the apparatus below F F is easily detached, by turning 
the double screws ;—the strong silver tubes are intended to 
prevent fusion of this part of the apparatus, and to admit of 
connexion with the platinum piece by means of a screw cut on 
the silver tubes ; this obyiates the necessity of using a solder, 
which would be very liable to melt, and, the platinum piece 
is, for a similar reason, substituted for the silver cylinder ori- 
ginally used by Mr. Hare, as experience has shewn that these 
are liable to fusion. 

No flux or addition of any kind was employed in the fol- 
lowing experiments. 
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EXPERIMENTS 
ON THE FUSION OF VARIOUS REFRACTORY BODIES BY 


THE COMPOUND BLOW-PIPE OF MR. HARE, 


THE philofophical world behold with pleafure and 
astonifhment, the effects produced on the fufion and 


combuttion of bodies, by a stream of oxygen gas, di- 


rected upon burning charcoal. The fplendor of these 
experiments arrefted univerfal attention, and Lavois- 
ier, with his gazometer, was enabled, in this manner, 
to produce a degree of heat, furpafling that of the moft 
powerful furnaces, and even of the folar focus. Bodies 
which no degree of heat, previously applied, had been 
able to foften, now became fluid, and philofophy ap- 
peared to have attained the limit of its power in exci- 
ting heat ; indeed, it feemed to have advanced, very 
far, towards realizing the opinion, that folidity and 
fluidity are accidental attributes of bodies, dependant 
folely on the quantity of caloric which they contain, 
and that therefore, they may be fuppofed capable of 
exifting in either of thefe conditions. 

Still however, there were, in fact, many important 
exceptions. Of the primitive earths, Lavoisier had 
been enabled to fufe only alumine—while the reft re- 
mained refractory, and feemed fully entitled to the 
character of infufibility, ufually attributed to this clafs 
of bodies: many native minerals and efpecially thofe 
which are moft diftinguifhed for hardnefs, beauty, and 
fimplicity of compofition, maintained the fame charac- 
ter, and fome of them refufed to melt even when heat- 
ed with powerful fluxes. bs 

The beautiful invention of Mr Robert Hare of Phil- 
adelphia, by which he fucceeded in burning, with fafe- 
ty and convenience, the united ftream of oxygen and 
hidrogen gases, greatly extended our dominion over 
refractory bodies, and prefented new and very intereft- 
ing refults.. Mr. Hare’s memoir, originally communica- 
ted to the Chemical Society of Philadelphia, has been 
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fome years, before the public, and has been republihh. 
ed and handfomely noticed, both in France and Eng. 
land. Still however, his refults have not found their 
way into the Systematical books on Chemiftry, (with 
the exception of Mr. Murrays system, ; notwithftandin 

that fome of the European Profeflors have availed them- 
felves of Mr. Hare’s invention, fo far as to exhibit his 
moft {plendid and ftriking experiments to their clafles, 

The writer of this article, although fully difclaimin 
any share in Mr. Hare’s invention, was early affociated 
with him in his experiments ; they excited in his mind 
a degree of intereft, which led him to hope that they 
would be repeated and extended by others, but, as no- 
thing of this kind has appeared in this country, perhaps 
the following experiments may not be altogether unin- 
terefting, especially as they were performed with an 
apparatus, of a conftruction fomewhat more fimple than 
the original. 

It will be neceflary to recollect that Mr. Hare not on- 
ly melted alumine, which Lavoifier had done before, but 
alfo silex and barytes, and, by fubfequent experiments, 
he added strontites, to the lift of fufible bodies: he was 
inclined to believe that he had volatilized gold and fil- 
ver, a conclusion which was rendered highly propable 
by his having afterwards evidently volatilized platinum. 

The experiments of Mr. Hare, as will appear below, 
have been repeated by the writer of this paper with fuc- 
eefs, and many other bodies among the moft refractory 
in nature, have been melted. For the fake of fhewing 
how far the experiments now to be recited have affect- 
ed our knowledge of the dominion of heat, quotations, 
for comparifon, will occafionally be made, from one of 
the lateft and moft refpectable chemical authorities. 

(Murray’s System 2d Ed.) 


Bop1es SUBMITTED TO THE HEAT OF THE COMPOUND BLow- 
Pipe or Mr. Hare. 
Primitive Earrus. 
SiLex—being in a fine powder, it was blown away by 


the current of gas, but when moiftened with water, 
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‘it became agglutinated by the heat, and was then 
perfectly fufed into a colourlefs glafs. 

Avtumine—perfectly fufed, into a milk white enamel. 

BaryTes—fufed immediately, with intumescence, ow- 
ing to water, as obferved by Lavoifier; it then be- 
came folid and dry, but foon melted again into a per- 
fect globule, a greyifh white enamel. 

Srronrires—the same. 

Guucine-— perfectly fufed into a white enamel. 

Zircon—the fame. 

Lime-in fmall pieces, it was immediately blown off from 
the charcoal; to prevent this, as well as to obviate 
the suspicion, that any foreign matter had contributed 
to its fufion, the following expedient was reforted 

- to. A piece of lime, from the Carrara marble, was 
ftrongly ignited, in a covered platinum crucible ; 
one angle of it was then fhaped into a {mall cylinder, 
about one fourth of an inch high, and fomewhat 
thicker than a great pin: the cylinder remained:in 
connection with the piece of lime; this was held by 
a pair of forceps, and thus the {mall cylinder of lime 
was brought into contact with the heat, without 
danger of being blown away, and without a poflibili- 
ty of contamination ; there was this farther advan- 
tage, (as the experiment was delicate and the deter- 
mination of the refult might be difficult, ) that, as the 
cylinder was held in a perpendicular pofition, if the 
lime did really melt, the column muft fink and be- 
come, at leaft to a degree, blended with the fuppor- 
ting mafs of lime. When the compound flame fell 
upon the lime, the fplendor of the light was perfectly 
infupportable, by the naked eye, and when viewed 
through. deep coloured glaffes (as indeed all thefe 

experiments ought to be,) the lime was seen to be- 

come rounded at the angles, and gradually to sink, 

*till, in the courfe of a few feconds, only a {mall gio- 

bular protuberance remained, and the mafs of fup- 

porting lime was alfo fuperficially fufed at the bafe of 
the columin, through a {pace of halfan inch in diam- 
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eter. The protuberance, as well as the contiguéus 
portion of lime, was converted into a perfectly white 
~ and glistening enamel ; a magnifying glafs difcovered 
a few minute pores, but not the flighteft earthy ap- 
pearance. ‘This experiment was repeated feveral 
times, and with uniform fuccefs ; may not lime there- 
fore be added to the lift of fufible bodies? 
Macnesta.—The fame circumftances that rendered the 
operating upon lime difficult, exifted, in a ftill great. 
er degree, with refpect to magnefia ; its lightnefs and 
pulverulent form rendered it impoflible to confine it 
for a moment upon the charcoal, and as it has very 
little cohefion, it could not be fhaped by the knife as 
the lime had been. After being calcined, at full ig- 
nition, in a covered platinum crucible, it was knead- 
ed with water, ’till it became of the confiftence of 
douga. It was then fhaped into a rude cone as acute 
as might be, but ftill very blunt; the cone was three 
fourths of an inch long, and was supported upon a 
coiled wire. 

The magnefia, thus prepared, was expofed to the 
compound flame: the efcape of the water caufed the 
vertex of the cone to fly off in repeated flakes, and 
the top of the fruftrum, that thus remained gave 
nearly as powerful a reflection of light as the lime 
had done ; from the bulk of the piece (it being now 
one fourth of an inch in diameter at the part where 
the flame was applied) no perceptible finking could be 
expected. After a few feconds, the piece wor ex- 
amined, with a magnifying glafs, no roughnefles or 
earthy particles could be perceived on the fpot, but 
a number of glafly, fmooth protuberances, whofe 
furface was a perfectly white enamel; this experi- 
ment was repeated with the fame fuccefs. May not 
magnefia, then, be alfo added to the table of fufible 
bodies ? 

YrTTRia—was the only remaining primitive earth, 
but no fpecimen of it could be obtained. 
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o 
Perhaps then we fhall be juftified in faying, in fu- 
ture, that the primitive earths are fufible bodies, al- 
though not fufible in furnaces, in the folar focus, nor, 
(withthe exception of alumine, and poflibly, barytes,) 
even by a ftream of oxygen gas directed upon burn- 
ing charcoal. 

PLATINUM—was not only melted but volatized with 
{trong ebullition. 

Various MINERALS. 

Rock CrystaL,—tran{fparent and colourlefs. This mi-. 
neral was inftantly. melted into a beautiful white 
glafs.. “* It not only does not melt in the focus. of 
the mof powerful burning mirror, but, it remains 
without fufion, at: leaft when in the ftate of Rock 
Cryfial, in the itill more intenfe heat, excited by a 
fiream of oxigen gas directed on burning charcoal.” 
(Murray Il. 261.) “ It is even imperfectly foftened 
by the intenfe heat, excited by a ftream of oxigen 
gas, directed on the flame.” (of the blow pipe lamp.) 
—(Ibid Il. 513.) 

Common Quartz—fuféd immediately into a vitreous 
globule. 

Gon Fiint-melted with equal rapidity ; it firft became 
white, andthe fufion was attended with ebullition 
and a feparation of numerous {mall ignited globules 
which feemed to burn away as they rolled out of the 
current of flame ; the product of this fufion was a 
beautiful fplendid enamel.—* It is infufible before the 
blow pipe but lofes its colour.” —(Ibid, 518.) 

CHaLcepony—melted rapidly, and gave a_ beautiful 
bluifh white enamel refembling opal. “ It is infufi- 
blebefore the blow pipe.”— (Ibid. 516.) 

OrienTaL CarneLiAn—fufed with ebullition, and pro- 
duced a femitransparent white globule with a fine luf- 
tre. 

Rep Jasper—from the Grampians, was slowly fufed 
with a fluggifh effervefence, it gave a greyifh’ black 

flag, with white fpots, 
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*¢ It is infufible before the blow pipe, even when the 
flame is excited by a ftream of oxygen gas.” (Ibid, 
519.) 

' Smoky Quartz—or fnoky topaz melted into a col. 
ourleis globule. 

Beryt—melted inftantly, into a perfect globule, and 
continued ina violent ebullition, as long as the flame 
was applied, and when, after the globule became 
cold, it was heated again, the ebullitien was equally 
renewed ; the globule was a glafs of a beautiful blue, 
ifh milky white, 


“ The beryl is melted with difficulty before the blow- 


pipe alone, but eafily when borax is added.” 

EMERALD of Peru. (Ibid 511.) 
The fame, only the globule was green, and perfectly 

tranfparent:. 

O.ivin—fufed into a dark brown globule, almoft black, 
“« It can fcarcely be melted by the blow pipe without 
addition.” (Ibid 534.) 

Vesuvian—inftantly melted into a beautiful green glafs, 
‘It melts before the blow pipe into a yellowith glafs,” 
(Ibid 534.) 

Leucite—inftantly fufed into a perfectly tranfparent 
white glafs ; the fufion was attended with ftrong eb- 
ullition, and many ignited globules darted from it 
and burnt in the air, or rolled out upon the charcoal 
and then burned. Were they not potaflium? This 
ftone contains full 20 per cent of potafh ;: this hint will 
be refumed below. 

* Itis not fufed before the blow pipe.” (Murray Ill, 
584.) 

CurysoBer¥YL—(Cymophane of Hauy) was immedi- 
ately fufed into a greyifh white globule. “It is not 
melted by the blow pipe,” (Ibid 499.) 

A CHRYSTALIZED MINERAL. 

From Haddam, Connecticut, according to the Abbe 
Hauy it is Chrysoberyl, according to Col. Gibbs, Co- 
rundum : it fufed with ebullition, and {cintillations, 
and produced a very dark globule almoft black. 
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Toraz—of Saxony, melted with ftrong ebullition, and 
became a white enamel. “ It is infufible before the 
blow pipe, but melts when borax is added.” (Ibid 498.) 

Sappar or Kyanite—perfectly and inftantly fufed, with 
ebullition, into a white enamel. 

“ It remains perfectly unaltered before the fame 
of the blow pipe even when excited by oxygen gas.” 
(Ibid 499.) 

Corunpum—of the Eaft Indies, was immediately and 
perfectly fufed, into a grey globule. 

CornunpumM—of China, the fame with active ebullition, 
Corundum “ is not fufed by the flame of the blow- 
pipe on charcoal even when foda or borax is: added 
to it.” (Ibid 495.) 

Zincon—of Ceylon melted, with ebullition, into a white 
enamel. “It is not melted alone before the flame of 
the blow pipe, but if borax is added it forms a trans- 

parent glafs.” (Murray III. 539,) 

HyacintH—of Expailly fufed into a white enamel, 

‘It lofes its colour before the flame of the blow. 
pipe, but it is not fufed; it melts with borax. intoa 
transparent glafs.” (Ibid 540.) 

Cinnamon stoneé—inftantly fufed into a black globule 
with violent ebullition. 

SPINELLE Rusy—fufed immediately into an elliptical 
red globule. “It does not melt before the blow pipe 
but is fufed by the aid of borax. [Ibid 497. ] 

STEATITE—melted -with flrong ebullition into agreyifh 
flag.—* It does not melt before the blow pipe, but 
becomes white and very hard.” [Ibid 482.] 

Porcelain, common pottery, fragments of Heflian cruci- 

bles, Wedgwood’s ware, various natural clays, as pipe 

and porcelain clay, fire and common brick, and ‘com- 
pound rocks, &c. were fufed with equal eafe. 

During the action of the compound flame upon the 
alkaline earths, provided they were fupported by char- 
coal, diftinét globules often rolled and darted out from 
the ignited mafs, and burnt, fometimes vividly, and 
with peculiarly coloured flame. From the nature of the 
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experiments, it will not be eafy to prove, that thefe 
ana: were the bafis of the earths, and yet there is the 

rongeft reafon to believe it; circumftances could fcarce. 
ly be devifed, more favourable to the fimultaneous fu. 
rs and decompofition of thefe bodies ; charcoal highl 
ignited forafupport and an atmofphere of hydrogen al 
fo in vivid and intenfe ignition ; that the oxygen fhould 
be, under thefe circumftances, detached, is not furpri- 
fing, but the high degree of heat, and the prefence of ox- 
igen neceflarily burn up the metalloids almoft as foon as 
produced. If means could be devifed to obviate this 
difficulty, the blow pipe of Mr. Hare might become an 
important inftrument of analitical refearch. 

We can {fcarcely tail to attribute fome of the appear- 
ances, during the fufion of the Leucite, to the decom. 
pofition of the potafh it contains. 

This impreflion was much ftrenghtened by expofing 
potafh and Soda to the compound flame, with a fup- 
port of charcoal; they were evidently decompofed : 
numerous diftinct globules rolled out from them, and 
burnt with the peculiar wvid, white light, and flafh, 
which these melalloids exhibit, when produced and ig- 
nited in the galvanic circuit. It is hoped that thefe 
hints may induce a farther investigation of this fubject. 

The experiments which have now been related in 
connection with the original ones of Mr. Hare, fufli- 
ciently fhew that fcience is not a little indebted to that 
gentleman for his ingenious and beautiful invention.— 
It was certainly a happy thought, and the refult of ve- 
ry philofophical views of combutftion, to fuppofe that a 
highly combuttible ga/cous body, by intimate mixture 
with oxygen gas, mutt, when kindled, produce intenfe 
heat : and it is, no doubt, to this capability of perfect- 
ly intimate mixture, between these two bodies, that 
the effects of the compound blow pipe, are, in a great 
meafure, to be afcribed. 

This communication has already been extended far- 
ther than was contemplated, but on concluding it, it 
may be allowable to remark, that there is now, in all 
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probability no body, except fome of the combutftible 
ones, which is exempt from the law of fufion by heat. 
If the primitive earths, and fuch minerals, as several 
of thofe which have been mentioned, above, are fufible, 
no doubt can be entertained that all other mixtures and 
combinations of earths are fufible alfo: for, fuch mix- 
tures and combinations are known to be more fufible 
than the primitive earths ; the metals are more fufible 


than the earths, and the diamond along with carbon 


in its other pureft forms, appears to be really the only 
exception; and it is probable that this is only a /eem- 
ing one, for, it is scarcely poflible to expofe theie bo- 
dies to the heat of the compound blow pipe, without 
at the fame time burning them up: could the heat be 
applied without expofing them to the contact of oxi- 
gen is it not probable that they alfo would be added to 
the lift of fufible bodies ? 


Yale College, May'7, 1812. 
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OBSERVATIONS 
On the Comet of 1811. 


By JEREMIAH DAY, Pror. or Maru. anv Nar. Puito. 1n 


Yate CoLiece. 








ON the 9th of September laft, I began a courfe of 
obfervations, on the Comet which has lately withdrawn 
from our view. They were continued, with confider- 
able intervals of interruption, till the 18th of January. 
Though I was pofleffed of no inftrument, which would 
give the place of the Comet, with the utmoft precifion ; 
yet the obfervations were fufliciently correct, for a de- 
termination of the elements of its orbit, with a near 
approach to exactnefs. 

Few Comets have prefented themfelves to our view, 
under circumftances more favourable, for obferving their 
motions. Many have appeared fora few days, and 
then, fuddenly retired. But this was vifible, for fev- 
erable months, even to the naked eye. During this 
period, it traverfed afpace, of more than 130 degrees, 
in the heavens. A general idea of the direction of its 
motion may be obtained, by conceiving a great circle 
to be drawn through the: ftar +, in the extremity of 
the tail of the Great Bear; and the bright ftar’ in the 
Eagle. It was near the firft of thefe, on the 2d of Oc- 
tober ; and very near the latter, on the 1ft of Decem- 
ber, as Mr. Bowditch had prediéted, two months be- 
fore. It pafled acrofs the conftellation of the Great 
Bear, the head of Afterion, the right arm of Bootes, 
the northern part of Hercules, the Eagle, and the bow 
of Antinous ; and when I faw it laft, on the 13th of 
January, it was a little fouth of the head of Equuleus. 
Clouds intercepted the view of it, one or two of the 
following evenings; then fucceeded a period of moon- 


light ; and, when the moon had pafled the full, the 
E 
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comet had advanced too near the fun, to be longer 
vifible. I had found its place, from time to time, by 
taking its diftance from fome of the principal fixed 
ftars, with a fextant, graduated to every ten feconds, 
The time was given, by a well regulated clock. To 
diminifh the errours of obfervation, each of the dis- 
tances was generally meafured ten or twelve times in 
fucceflion, and a mean taken from the whole. The re- 


-quifite corrections, for the refraction of the atmofphere, 


were afterwards applied. The following are fome of 
the obferved diftances. Two orthree of the firft are 
not probably very correét, as they were taken, when 
the comet was fo near the horizon, as to render the 
view of it obfcure, and the refraction uncertain. 


Apparent time. Dist. from Arct. Fr. Urse.Maj. 
A m, ° r ” ° ’ " 
Sept. 9th, 8 9 45 38 26 15 18 10 
13 8 31 42 46 30 il 59 40 
16 8 7 40 26 8 10 O 34 
17 8 17 39 44 26 9 26 38 
18 8 28 38 57 10 8 50 28 
From « Lyre. f Ursa Min. 
Oct. 11 8 47 37 12 54 27 33 54 
17 8 52 27 20 O 32 22 39 
18 9 3 25 47 12 33 24 24 
« Aguile. 
27 8 4 - 13 56 30 41 612 
28 8 10 138 6 54 39 27 38 
Nov. 3 7 46 11 53 4 30 19 4 
WN it 7 50 12 17 18 28 53 12 
12 7 18 18 14 7 18 38 +4 
14 7 49 20 1 43 16 18 49 
15 7.23 20 54 54 15 14 5 
22 6 52 26 43 17 8 16 34 
24 7 37 28 17 14 6 30 4 
Dec. 8 6 8 37 28 24 3 57 48 
10 7. 8 38 34 20 5 13 20 
12 7 36 39 89 32 6 25 40 
16 6 53 41 39 3 8 41 25 
20 6 40 43 30 43 10 48 & 
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This comet came to us, from the regions of the fouth. 
it crofled the ecliptic on the l'ith of July, and advane- 
éd fo far to the north, that‘on the 28th of September, 
it was within the circle of perpetual apparition of this 
latitude, and, of courfe, continued above the horizon, 
the whole 24 hours. In two or three days from this, 
it reached its greateft northern declination, about 50 
degrees ; and then began to return towards the equa- 
tor. But it did not attain its higheft geocentric lati- 
tude, till the middle of October. Its apparent’ place 
was then, within 28 degrees of the pole of the ecliptic. 
Itsmotion, as feen from the earth, was,during the month 
of September and October, nearly in the arc of a great 
circle. But the latter part of the time, in which ‘it 
was vifible, it fenfibly deviated to the eaft of its form- 
er direction; though, on account of its moderate an- 
gular velocity, its elongation from the fun was then 
rapidly diminifhing. ‘The rate of its apparent motioh 
has been lefs, than that of many other comets. One 
feen in 1472 moved 40 degrees, and another in 1770, 
45° in 24 hours. But the progrefs of the late comet 
never exceeded two degrees in 24 hours: and during 
the latter part of the time, it did not amount to half 
a degree. 

This is a general view, of the apparent motion of 
the comet, to a fpeétator onthe earth. But its rea/ mo- 
tion will be found to be widely different: fo much fo, 
that, while the apparent motion was, moft of the time, 
towards the eaft; its real motion in longitude was weft- 
ward, or contrary to the order of' the figns. To de- 
termine the direction and rate of this motion, it was 

neceflary to refer it to the sun, as a centre, and to cal- 
culate the elements of the comet’s orbit. Thefe are the 
Perihelion diftance, the time of pafling the perihelion, 
the /ongitude otf the perihelion, the longitude of the 
node, and the inclination of the orbit to the ecliptic. 
To obtain a firft approximation, to the time and diftance 
of the perihelion, fome of the early obfervations were 
made ufe of. But for the final corrections, it was ne- 
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ceflary to take fuch, as had a greater interval of time 

between them. The obfervations of the 17th of Sep- 

tember, the 17th of: October, and the 14th of Decem- 

ber were accordingly feleéted: and the elements were 

corrected by the method of La Place, as given, in Sir 

Henry Englefield’s treatife on the * Determination of 
the orbits of Comets.” To fucceed with this method, 
it was neceflary that the elements fhould be very care- 
fully prepared. For the convenience of calculation, 
the three obfervations were reduced to 8 o’clock, mean 
time at Yale College, by applying to the obferved dif- 
tances, a proportional part of the diurnal variation. 
The right afcenfion and declination of the ftars, from 
which the diftances of the comet had been taken, were 
found, by comparing the catalogues of Dr. Bradley, 
De La Caille, Piazzi, Zach, Wollafton and Pond, in 
Vince’s Aftronomy, Hutton’s Dictionary, Rees’ Cy- 
clopedia, and Mendoza’s Tables. Thefe generally a- 
greed, within a very few feconds, with refpect to the 
{tars in queftion. The correcticns, for precifion, aber- 
ration, and nutation were applied ; and from the right 
afcenfions and declinations, the latitude and longitude 
of the ftars, were calculated to feconds; as were alfo 
the geocentric latitudes and longitudes of the comet. 
The latter were farther corrected, by applying the 
equations, for the aberrations of light. The three la- 
titudes and longitudes thus obtained, were, 

Geocen. Lon, Latitude. 


September 17, 153° 64 36" 38° 39 56" 
October 17, 221 54 28 62 27 43 
November 14, 286 9 15 41 50 53 


‘Taking thefe, and the approximate perihelion dif- 
tance and time, as the bafis of the fucceeding calculation, 
I proceeded to derive from the comet’sobferved long- 
itudes and latitudes, the arc which it defcribed, between 
the firft and fecond obfervation ; and alfa between the 
fecond and third ; for the purpofe of comparing them, 
with the correfponding arcs, obtained by taking the 
difference of the three anomalies. If thefe had been 
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found to agree; no other correction of the elements 
would have been requifite, to adapt them to the three 
obfervations. But this was not to be expected, on the 
firft trial. ‘There was a difference of feveral degrees. It 
was neceflary therefore to make a fecond, and a third 
hypothefis, in one of which, the perihelion difance 
was changed, and, in the other, the time of perihelion. 
From the errours of the three, the equations were form- 
ed, for determining the corrections to be applied to the 
aflumed elements. After two fets of hypothefes, a 
perihelion diftance, and time of perihelion were obtain- 
ed, which gave the arc defcribed by the comet, be- 
tween the 17th of September and the 14th of Novem- 
ber, and meafured by an angle at the fun, within lefs 
than half a minute of that deduced from the obferv- 
ed longitudes and latitudes : 





The one being 58° 26 14” 
The other 58 25 52 
Difference o° oO 22” 


As this difference is within the limits of the unavoid- 
able errours of obfervation, I did not attempt to carry 
the approximation any farther. Some flight variations 
would probably have been made, by procefles depend- 
ing on a comparifon of ail the obfervations. But as 
they would be of little amount ; and as perfec? accura- 
cy would not be attainable after all ; I proceeded to cal- 
culate the remaining elements, from the two already 
found. The whole together were as follows : 

Perihelion diftance 1.0329; the mean diftance of the 
fun from the earth being 1. 

Time of perihelion Sept. 12th, 1 o’clock, P. M. 


mean time at Greenwich. S. 
Longitude of the afcending node, 4 20° 22 
Inclination of the orbit to the ecliptic, 73° 4 


Longitude of the perihelion, counted 9 15°. 14 

on the orbit, 
Diftance of the perihelion from the node, 2 5° 8 
Motion retrograde. 
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The following diftances of the comet from the earth, 
and the fun were alfo calculated ; : 


Diftances from the earth. 


In semidiam. of the 


earth’s orbit, In miles. 
July 10th, 2.411 229,045,000 
September 17th, 1.512 143,670,000 
October 17th, 1,224 116,290,000 
November 14th, 1.591 151,145,000 
December 16th, 2.359 224,070,000 


Diftances from the Sun. 


Semidiam. of 


earth's orbit. Miles. 
Sept. 12th 1,0829 98,125,500 
Sept. 7thand 17th, 1.0367 98,490,000 
Sept. 2d and 22d, 1.0470 99,470,000 
Aug. 23 andO& 1, 1.081 103,000,000 
Aug. 8 and O&. 17, 1.189 113,000,000 
July 23 and Nov.1, 1.323 126,000,000" 
July 11 and Nov. 14, 1.463 139,000,000 
June 23 and Dec. 1, 1.655 157,000,000 
June 9 and Dec. 16, 1.831 174,000,000 
Pay é a “ey : 2.022 192,000,000 
a ap ’ ve a ; 2,385 227,000,000 


In addition to the elements given above, one thing 
farther is neceflary to complete the theory of the com- 
et’s motion—the period of its revolution. This is an 
article on which much labour has heretofore been bes- 
towed, with-very little fuccefs. Two methods are ob- 
vioully fuggefted,for determining the time of a comet’s 
return. ‘the moft direct of thefe, is to derive, by calcu- 
lation, the figure and dimenfions of the whole orbit, from 
that {mall part of it, which is defcribed, while the comet 
is vifible. It refults from the well known laws of grav- 
itation, that any body, moving round the fun, and influ- 
enced by the attraction of no other body, muft move in 
ene of the three conic fections, the ellipfis, the parabola, 
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or the hyperbola. If it is ever to return, in a regular 
orbit, it muft revolve in an ellipfis. If its motion is in 
either of the two other figures, after having once pafled 
the perihelion, it will continually recede from the fun, 
and will return no more; unlefs its direction fhould be 
changed, by the attraction of fome other body. In each 
of thefe cafes however, if a portion of the path of acom- 
et could be obtained by obfervation, with perfect exadf- 
nefs ; from this might be deduced, the remaining parts 
of the orbit, on the fuppofition, that its figure fhould 
remain unaltered. But here two infuperable difficul- 
ties occur, one from the errours of obfervation, the oth- 
er from the liability of the comet, to be diverted from 
its courfe, by the attraction of the planets, and perhaps 
of the fixed ftars. The ground of thefe difficulties, lies 
not in the procefses for calculating the orbit ; but in ta- 
king the obfervations, and in the change of the orbit it- 
felf. Errours too minute to be avoided, even by the 
niceft inftruments hitherto in ufe, might be fufficient, in 
certain cafes, efpecially where the orbit is very eccen- 
tric, to make a variation of many years, in the periodi- 
cal time. The moft able computers, have accordingly 
differed whole centuries, in the periods, which they have 
refpectively afligned to the fame comet. ‘The only ca- 
fes to which calculation can be applied, with any hope 
of fuccefs, are thofe in which the time of revolution is 
very fhort. The comet of 1770, has been fuppofed to 
be one of this clafs. Lexell, Pingre, and Burckhart all 
agree in giving it a period of about five years and an half. 
There is reafon to believe, that this is the orbit, which 
really correfponds with that part of its motion, which 
was obferved. But notwithitanding this, the comet 
has never been feen fince; though it ought to have re- 
turned fix or eight times, in the intervening forty years. 

If its orbit was truly _afligned, it feems it'muft have 
been fince altered, by the attraction of the planets or 
of fome other body, whofe influence may be fuflicient, 
not only to vary materially the time of revolution ; but 
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even to change the comet’s path, from an ellipfis, toa 
parabola or hyperbola, fo that it fhall never return. 

The fecond method, which has been adopted, for af- 
certaining the periodical time of a comet ; and, on which 
confiderable reliance has been placed, is, to compare the 
elements which are commonly computed, with thofe of 
all the other comets, on which calculations have been 
made. If feveral of them are found to have the fame 
elements ; it is concluded they muft be one and the 
fame comet. For it is fcarcely credible that in the end- 
lefs variety which is found to prevail, in the directions 
and rate of their motions, there fhould be any two, 
which fhould have precifely the fame perihelion diftance, 
the fame longitude of their nodes, the fame place of peri- 
helion,and the fame angle of inclination to the ecliptic : 
and, in addition to all this, that they fhould appear at 
intervals of time fo regular, as to correfpond with the 
fucceffive returns of the fame comet. On this ground, 
it has been fuppofed, that the comet of 1759 has a pe- 
riod of about 75 years, becaufe one with fimilar elements 
was feen in the years 1456, 1531, 1607, and 1682. But 
no fuch correfpondence is found, in the cafe of the late 
comet. From acomparifon of its elements with others 
whofe motions have been heretofore obferved and cal- 
culated ; it will be-feen that this is one, which is not in- 
cluded in the lift. In perihelion diftance, it nearly 
agrees with one, which appeared in 1718; but differs 
from it, more than 40 degrees, in the inclination of the 
orbit. In the longitude of the node, it is within lefs 
than a degree of that in 1759; but varies materially 
from it, in the longitude and diftance of the perihelion. 
In the inclination of the orbit, it differs but little from 
one in 1097 and another in 1768 ; but has no agreement 
with them, in the other elements. Sothat this method 
of determining the periodical time fails, in its applica- 
tion to the prefent cafe. And even, if the elements of 
this comet, had been found to agree, with thofe of any 
preceding one; it would have ferved rather to fhew, 
in what interval of time it das returned, than to give us 
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affurance, that it wi// return, at the fame interval, here. 
after. The reafons of this, have already been ftated to 
the Academy, by Col. Mansfield, in his ingenious re- 
marks, on the comet of 1807. 3 

The motion of the late comet, as feen from the fun, 
was nearly north and fouth; inclining however, about 
17 degrees, towards the northweft and foutheaft. It 
pafled northward, through the conftellations of the 
Lion, the Great Bear, and the Camelopard. On the 
19th of September, to a. fpectator in the fun, it was 
within three degrees of that part of the ,heavens, to 
which the axis of the earth is directed. It reached its 
greateft northern heliocentric latitude 73 degrees, on 
th 1ft of October ; and then returned, through Ce- 
pheus, the left wing of the Swan, Equuleus and Aqua 
rius. It will proceed through the Microfcope, the In- 
dian, and the Octant ; till, at its greateft dittance from 
the earth, it will be between the Chameleon and the 
Flying-fifh, within 17 degrees of the fouth pole of the 
ecliptic. Should it vifit us again, it will return through 
the Ship, the Air-pump, Hydra and the Sextant. 

This comet has not approachedfo near to the fun, as 
moft of thofe, whofe elements have been calculated. Its 
leaft diftance, is 98 millions of miles ; a little greater 
than that of the earth from the fun. Its path lies be- 
tween the orbits of the earth and Mars. It is the opins 
ion of Newton, that no comet is ever feen by us, when 
farther diftant than Jupiter. Of about one hundred, 
whofe elements have been calculated, all, except four, 
have come nearer to the fun than Mars. Thefe four 
fell between Mars and Jupiter. About 20 came between 
Mars and the earth; 15 between the earth and Venus; 
nearly 30 between Venus and Mercury ; and about the 
fame number, within the orbit of Mercury. The re- 
markable one of 1680, came much nearer to the fun, 
than any other: fo near, as to be heated, according to 
Newton, 2000 times hotter than red hot iron. Its leaft 
diflance, from the furface of the fun, was not equal to 
a fifth part of his — 
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There is no danger, that the late comet will evey 
firike the earth ; unlefs its orbit fhould, hereafter, be 
materially changed. Its leaft diftance, in the prefent 
inftance was more than an hundred million miles. This 
was about the‘middle of October. Its neareft approach 
to the orbit oy earth, was on the 11th of July, about 
40 million yflles. It can never come much nearer than 
this, without a change in the pofition or figure of its 
orbit. Its rate of motion, when neareft the fun, was 
95,000 miles in an hour. This is a velocity, 120 times 
greater than that of found, or a cannon ball. 

For the purpofe of determining, if practicable, the 
size of the comet, I viewed it feveral times, through a 
three feet reflecting telefcope, with a magnifying pow- 
er of 140. But I was unable to perceive any nucleus, 
with a difk fufficiently defined, to admit of meafur- 
ing itsdiameter. This will not appear furprifing, when 
it is confidered, that out of 15 or 20 comets, which 
Dr. Herfchel has had an opportunity of obferving, there 
were only two or three, on which he was able to difco- 
ver any regular difk, even with the very powerful 
telefcopes in his pofleffion. For want of a proper re- 
gard. to the diftinction between the different parts of a 
comet ; no great dependence is to be placed, upon the 
accounts given us, of the fize of thofe, which were 
formerly feen. They have been frequently reprefent- 


ed, as larger than any of the planets; and, in fome 


inftances, as. appearing nearly equal to the fun and 
moon. Thefe ftatements may be true, if they are 
meant to refer to the whole of the luminous fpot, or 
body of light, which is perceived, by the naked eye. 
But this, in many cafes at leaft, confifts of three. parts 
—the nucleus, the head, and the coma. The nucleus 
appears to be acompact fpherical body, with a circum- 
ference regularly defined, like a planet. The head, is 
a body of denfe light, which, like an atmofphere, fur- 
rounds the nucleus. The coma, is a {pace occupied by 
a fainter light, extending confiderably farther round, 
than the head. All thefe may be fo blended, to the 
view of the naked eye, as to appear to conftitute but 
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one body of light ; fo that the diameter of the coma 
may be taken, for the diameter of the comet ittelf. 
A telefcope, by expanding the head, often makes it ap-- 
pear lefs bright, and lefs diftin&. It fpreads it out, in- 
toa kind of nebula, which has no well defined boun-. 
dary ; but which, may, notwithftanding, be miftaken 
for the nucleus. The latter is generally too {mall, to 
be diftinétly perceived, by ordinary telefcopes; and in 
many inftances, cannot be difcovered, by thofe of the 
greateft magnifying power. That of 1807, according 
to Dr. Herschel, fubtended an angle of only one or 
two feconds; while the diameter of the coma was two 
or three hundred times as great La Place and others 
have even advanced the opinion, that the whole body 
of the comet is fometimes a mere. collection of aeri- 
form fluids, moft condenfed near the centre, but con- 
taining no fubftance fufliciently compatt, to obftruct en- 
tirely the paflage of light. In the prefent inftance, I 
obferved nothing, which could either invalidate or con- 
firm, fuch an hypothefis. ‘The head appeared, like an 
obfcure cloud or mift. The,coma was nearly of the 
fame brightnefs with the tail. A darker fpace, or a 
zone of weak light, very perceptibly fainter than either 
the head, or the coma, intervened between the two. 

The tail of this comet, was more fplendid, than is 
common: though fome others have exceeded it, both 
in brightnefs and extent. That of 1680, wastwo or 
three degrees in breadth, and about 70, in length. 
That of 1759 was, according to Pingre, 90° long. One 
in 1618 is faid to have extended more than:a hundred 
degrees. 

‘The length cannot be meafured, with exactnefs. “For 
the extremity does not terminate at once ; but gradu- 
ally diminifhes in brightnefs, till it is loft, in the itill fain- 
ter light ofthe fky. The dimenfions will vary, accord- 
ing to the ftate of the atmofphere. They will even ap- 
pear different, to different eyes, at the fame time. A- 
bout the middle of October, I judged the tail of this ‘co- 
met to be nearly or quite 15 degreeslong- It couldnot 
be lefs than twelve. If it be taken at 12° on the 17th ; 
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and the breadth at half a degree ; it will be found, by 
calculation, that the length in miles, was 40,000,000 ; 
and the breadth 1,000,000: the whole occupying a 
fpace, which would not be filled by 60 million fuch 
globes as our earth. 

Stars were frequently to be feen through the tail ; 
though they were confiderably obfcured. That fide of 
it, which was turned towards the part of the heavens, 
to which the comet was moving, was a little convex, 
as ufual, and brighter than the oppofite fide. I re- 
peatedly obferved a dark line, like a fhadow, extend- 
ing from one end of its tail; to the other; and pafling 
nearly through the middle, but a little further from the 
advancing fide, than from the, other. The whole ap- 
pearance was fuch, as to correfpond very well with the 
fuppofition, that the tail was.hollow. The light was 
denfeft on each fide, and gradually diminifhed, towards 
the middle, where was a narrow fpace, almoft as dark 
as the neighbouring parts of the fky. This. peculiarity 
has not been mentioned, in the accounts of other comets, 


except in a few inftances. Hevelius ftates, that one’ 


which he faw in 1665, caft a fhadow through the mid- 
dle of the tail, A fimilar appearance was obferved in the 
comet of 1744; and alfo by Caflini, in that of 1680. 

I have not entered into any fpeculations on the nature 
and w/e, of this wonderful train of light, which is as-un- 
accountable, to the aftronomer, as to the vulgar obfer- 
ver. Some extravagance of conception is certainly ex- 
cufable, in attempting to explain the conftitution of a 
luminous object, which occupies a greater fpace, than 
all the other bodies in the folar fyftem, But thefchemes 
which have hitherto been propoted, for this purpofe, are 
rather to be confidered as difplays of the power of ima- 
gination ; than fpecimens of the exercife of found and 
fober reafon. Thofe who have a tafte for thefe vifiona- 
ry hypqthefes, may eafily contrive them for themfelves ; 
or may find, in the common aftronomical works, a very 
convenient aflortment of them, adapted to the fancy, of 


almoft every defcription of readers, 
Yale-College, March 20th, 1812, 
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CALCULATION 
Of the Longitude of Yale-College, from the Solar Eclipfe 
of September 17th, 1811. i 
By JEREMIAH DAY ann JAMES L, KINGSLEY, 


Prorgssors 1n YALE-CoLLEGE. 





IT is important, that the Latitude and Longitude of 
places, especially of thofe in which aftronomical obfer- 
vations are to be made, fhould be fettled, with as much 
accuracy, as the nature of the cafe will admit, . 

The Latitude is eafily obtained, from the meridian 
altitudes of the fun, and the fixed ftars. But fome 
more complicated procefs is neceflary, for determin- 
ing the Longitude. Moft of the methods in ufe, 
for this purpofe, depend on the motion of the moon 
in her orbit. Several of them, however, cannot 
be relied on, to give the longitude, with any great de- 
gree of accuracy. ‘That founded on the obfervation of 
folar eclipfes, has an advantage in this refpect, over moft 
of the others. As we had feen no circumitantial ac- 
count of any attempt, to afcertain the longitude of Yale- 
College ; we made preparations, to avail ourfelves of 
the opportunity furnifhed, by the eclipfe of the fun, 
of Sept. 17th 1811. The going of the clock, from 
which the time was to be taken, was carefully attended 
to, for feveral months preceding. Its rate was found, 
by obferving the paflage of the fun and fixed ftars, acrofs 
the meridian. A tranfit inftrument, with a telefcope 
of about twenty inches focus, had been fixed, under 
the cupola of the Lyceum, nearly two years. before. 
Care had been taken, during this period, by repeated 
obfervations of the pole ftar, to obtain an accurate ad- 
juftment of the telefcope in the plane of the meridian, 
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When the meridian was fatisfactorily determined, ‘an 
object was placed in view, nearly two miles diftant, by 
which the inftrument might afterwards be eafily adjus- 


ted at pleafure. 


The day of the eclipfe was remarkably fine. Scarcea 
cloud was to be feen, the whole time the fun was above 
the horizon. There was little or no wind, to difturb 
our obfervations. One of us was ftationed at the clock ; 
while the other was looking at the fun, through athree 
feet reflecting telefcope. The eclipfe was perceived, al- 
moft, if not quite, at the inftant of its commencement, 
The time of the end was obferved, with no lefs exact- 
nefs. 

The rate of the clock was determined, by obferva- 
tions on the meridian tranfits, of the fun, and of the 
fixed ftars, on that and the preceding and following 
days. It was found to lofe eight feconds, in twenty- 
four hours. The paflage of the fun, acrofs the meri- 
dian, on the day of the eclipfe, was very carefully ob- 
ferved with the tranfit inftrument. The time, by the 
clock, was 11h —54’—9. 5” 

The following were the obfervations of the beginning 
and end of the eclipfe. 


h. m. 8 
Beginning, by the clock, - - - - 0 38 22 
Clock slower than the sun, - - - O 5 50.5 
Allowance for the rate of the clock, - - 0 O O02 
Apparent time of beginning, - - - O 44 12.7 
Time of end, by the clock, - . - 346 5 
Clock slower than the sun, - . - 5 50.5 
Allowance for the rate of the clock, - - OO 1°53 
Apparent time of end, - - - 3 51 56.8 


To find the latitude of the place, the meridian alti- 
tude of the fun, was repeatedly taken, with an Equa- 
torial Inftrument, containing a telefcope of 18 inches 
focus. The mean of twelve obf-rvations, was very 
nearly 41°—18’. The latitude is taken at this, in'the 
following calculations ; and the reductions of parallax 
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and latitude are made, according to that eftimate of 
the figure of the earth, which gives the proportion.of 
the polar to the equatorial diameter, as 300 to 301. 
From thefe data, the longitude might be calculated, 

if the folar and lunar tables could be relied on, as per- 
feétly correct. But it is well known that they are lia- 
ble to an errour, which might materially affect the re- 
fault. It-is neceflary, therefore, that the tables fhould 
be correéted, or that the time of true conjunction fhould 
be obtained, from obfervations, at fome place or places, 
whofe longitude is already known. For this, we are 
indebted to a very obliging communication from Na- 
thaniel Bowditch Efq. of Salem ; on whofe accuracy 
in calculation, full reliance may be placed : and who 
had undertaken to collect the obfervations, which were 
made on the eclipfe, in different parts of the United 
States. He finds the time of true conjunétion to be at 
6h. 57’. 05.8” apparent time at Greenwich ; the longi- 
tude of the fun and moon, at that time, 173° 56’ 32.4” ; 
and the moon’s Latitude 36’ 40.2” North. The Fol- 
lowing are the calculations for the longitude at Yale 
College. 


For the parallaxes, ¥c. at the beginning of the Eclipfe. 








he mM. Se 
Apparent time of beginning at Yale-College, O 44 12.7 
Assumed difference of Longitude, - 4 51 50 
Apparent time at Greenwich, - - 5 36 02.7 
Sun’s Right Ascension in time, - 11 37 34 
Sun past meridian, - - - - O 44 12.7 
Correction for the sun’s advance, - - + 0.7 
R. ascension of mid-heaven, in time, - 12 21 47.4 
Do. - - in degrees, - 185° 26' 51” 
Distance of meridion from Capricorn, - 84 33 09 

hk m &. 
Apparent time of beginning - - $8 36 02.7 
Do. of conjunction, (from Mr. Bowditch) - 6 57 05.8 
‘Time from beginning to conjunction, - 1 21 03.1 
Moon’s Lon. at conjunction, - - 173° 56! 32".4 
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Motion in 1 hour, (by Burg’ s utiles, - O° 29'32".7 
Do. in 21m. 3.1s. - - - 10 22.9 
Moon’s Lon, at the beginning - - 173 16 36.8 
Moon’s Lat. at conjunction, - - - 36 40.2 N 
Motion ini hour - - - «= = 2 43.22 
Do. in 21m. 3.1s aad e = @ = 57-28 
Lat. at the beginning, - . . - 32 59.7 


Dist. merid. from Cap. 84°33'09" Cos. 8.9774201 
Co. Lat. reduced, - 48 53 20 Tan. 10.0591364 





Arc I. - - - 61230 Tan. 9.0365563 
Dist. of the poles, .- 23 27 42 





Arc TI. - - - 17 15 12 Sin.A.C. 0.5278330 
Arc I. - - - 6 12 30 Sin. 9.0340022 
Dist. of merid. from Cap. 84 33 ©9 Tan. 11.0206140 


} 75 20 34 Tan 10.5824492 





Dist. of the nonagesimal 
from Cancer, 








Add - - 90 

Lon. of nonagesimal, 165 20 34 

Lon. of the moon 173 16 36.8 

Dist. ofthe moon E. fr.non. 7 56 02.8 

Dist. of the non’l. fr. Cancer 75 20 34 Cos. 9.4031818 
Arc Il. 17 15 12Tan.+10 19.4921624 
Alt. of nonagesimal 50 49 44 Tan. 10.0889806 
Moon’s equa. _ » 

Reduc. for Lat. 41° 18’ — 4.7 

Moon’s seduced hor. par. . 3235.2 

_Sun’s horizontal parallax - 8.7 

Hor. par. of moon from sun, 3226.5 Log. 3.5087317 
Altitude of the nonages. 504944 Sin. 9.8894491 
Moon’s Lat - - O 32 59.7 Cos.A.C. 0.0000200 


Log. — 3.3982008 


Dist. of the moon from non. 7 56 02.8 Sin. 9.1899868 
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Approximate par. in Lon. 5'45.8" Log. 2.5381876 








3.3982008 
8 1 48.1 Sin. 9.1431717 


Dist. of moon from 
non....par. in lon. 





Correct par. in lon. 349.5" = 5 49.5 Log. 2.5433725 


Hor. par-of moon from sun, 3226.5" Log. 3.5087317 








Alt. of the non. - 50 49 44 Cos. 9.8004686 
1st Part of par. in lat. 2038" = 33 58 Log.  3,3092008 
2d Part - - - - 0.7 
Correct par. in Lat. - 33 58.7 
Moon’s true Lat. - 32 59.7 N. 
Moon’s apparent lat. - O598. 
Moon’s hor. semid. 14’ 44.27" 
Inflexion, - -~ 2 
14 42.27 


Augment. for 50° alt. 4, 10.73 e 


ee 


Moon’s cor. semid. 14 53 = 893” 


Sun’s semid. 15 57.2 

Irradiation, -— 3.5 

Sun’s cor. semid. 15 53.7 = 953.7 

Sun and moon’s semidiameters 1846.7 

Moon’s appar. Lat. - - 59 

Sum, - - - - 1905.7 Log. 3.2800545 
Difference. - - = 1787.7 Log. 3.2522946 





2)6.5323491 
Appar. Lon. of moonfrom-sun, 1845.76 Log. 3.2661745 
Par. in lon. - - - 349.5 


True lon. of moon from sun, 2195.26 
Moon’s'hourly mo. in lon. 29’ 32.7” 
Sun’s do. - 8 2 26.55 

F 
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Hourly mo. fr. sun 27' 06.15" == 1626.15" Log. A.C.6.7888394 
One hour, - - - 3600 Log. 3.5563025 


Lon. of moon from sun, - 2195.26 Log. 3.3414860 | 





Time from begitin. } A. m. s. 


to conjunction, § 1 20 59.9=4859.9 Log. 3.6866279 


Time of begining, 0 44-12.7 





‘Time of conj. at ¥.C. 2 05. $2.6 


For the Parallaxes, &5c. at the end. 


he m. 4. 
Apparent time of end, 3 51 56.8 
Assumed differ. of lon. 4 51 50 


Apparent'time at Greenwich, 8 43° 46.8 
Sun’s Right-ascen. in time, 11 38 02 





Sun past meridian, 3 51 56.8 
*Cor. -for the sun’s advance, + 3.4 
R. Ascen, of mid heaven 15 30 02.2 
Do. in degrees, 232° 30° 33” 
Dist. of merid. from cap. 37 29 27 
hb. m. & 
Appa. time of end, 8 43 46'S 





*Notr. ‘This correction, which depends on the 
difference in the equation of time, on two fucceflivée 
days, is generally omitted, in the rules which are giv- 
en, for finding the right afcenfion of midheaven ; prob- 
ably becaufe it is of {mall account. But, in ftrict pro- 
priety, it eught to beincluded. In the prefent inftance, 
it will make a difference, of more than a minute, in 


the: longitude of the nonagefimal. The equation of — 


time'is 21 feconds greater, on the 18th of Sept, than 
on the 17th. The fun therefore, in twenty four hours, 
not only makes a complete revolution; but, in addi- 
tion to this, falls to the weft of the meridian, fuch a 
diftance, as correfponds to 21 feconds of time. A pro- 
portional part of this, fhould be allowed, for the time 
between 12 o’clock, and the end of the eclipfe. 
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Do. of conjunction, 6 57.05.8 

Time from conjunc. to end 1 46 41 

Moon’s lon. at conjunc. 173° 56’ 32.4" 

Motion in one hour, 29 33.2 

Do. in 46m. 41s. 22 59.6 

Moon’s long. at the end, 174 49° 05.2 

Moon’s lat. at conjunc, 36 40.2 N, 

Motion in one hour. 2 43 

Do. in 46m. 41s. 2 06.8 

Moon’s lat. at the end, 41 30 

Dist. merid. fromcap. 37°29'27" Cos... 9.8995200 
Co. lat. reduced, 48 53 20 Tan,  10,0591364 
Arc. I. 42 16 37 Tan. . 919586564" 
Dist. of the poles, 23 27 42 ° 

Arc; II, 1848 55 Sin. A. C.0.4914459 
Are. I. 42 16 37 Sin. 9.8278310 
Dist. of merid. from cap. 37 29 27 Tan. 9.8848366 
Dist. non. from cap, 57 59 39 Tan. 10.2041135 
Subtract this from 270 

Lon. nonages. 212 0 21 

Lon. ‘of the moon, 174 49 O03 

Moon frem non. 37 11 16 

Non. from cap, 57 59 39 Cos. 9.724 2805 
Arc. II. 18 48 55 Tan.4,10.19,5324044 
Alt. of non. 92 4409 Tan. 9.8081239 
Hor. par. ofmoon fr.sun. 3227.2" Log.  —3.5088124 
Alt. of nonages. 324409 Sin. 9.7330098 
Moon’s lat, 04130 (os,A, C. 0.0000316 


Moon from non, 


Approx. par. in long, 


Mo, from non. + par. 





























Log.  3.2418538 
371116 Sin. 9.7813454 





17.35 Log. 3.0231992 





Log. 3,2418538 
37 28 51 Sin. 9.7842577 








ee 
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Cor. par. inlong. 1062"= 1742" Log. 





Hor. par. mo. from sun 3227.2 Log. 
Alt. of the non. 32 4409 Cos. 
ist part of par. in lat. 45 14.54 Log. 
2d part of do. 16 

Cor. par. in lat. 45 14.7 
Moon’s true lat. 41 30 


Moon’s appar. lat. 224.7 = 3 44.7 s. 
M’s. semid.-inflex. 14 42.5 
Aug. for 25° 30’ alt. $6.1 





Mo’s. cor. semid. 14 48.6 





3.0261115 
3.5088124 
9.9248852 


—————— 
3.4336976 


3.3153405 
3.208871] 





2)6.5242116 
3.2621058 


3.5563025 
3.4609805 





Sun’s do. 15 53.7 
Sun and mo’s. sem. 30 42.3 = 1842.3” 
Mo’s. app. lat. 224.7 
Sum 2067. Log. 
Difference, 1617.6 Log. 
Appar. long. of moon 

phony } 1828.55 Log. 
Par. in Lon. 1062. 
True long. of moon at 

from sun, #890.55 
Mo’s. hourly mot. 29 33.15 
Sun’s do. 2 26.55 

’s. h , = 
ame oe Eg fer 06.6 = 1626.6 Log.A.C. 6.7887192 
One hour, 3600 Log. 
Long. of m. fr. sun 2890.55 Log. 
Am 38. 8 


‘Time fr. conj.toend 1 46 37.4=6397.4 Log. 
App. time of end 3 51 56.8 


3.806002 
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App- time of conj. 2 05 19.4 
Do. cal. from begin. 2 05 12.6 


Mean, 2 05 16 
Conj. at Greenwich 6 57 05.8 


m s oO , ” 


Dif. of long. ; 51 49.8=72 57 27. 





It would have been defirable, to obtain a correction 
of the tables, from obfervations, made at the firft me- 
ridian at Greenwich ; that our calculation might not 
be affected, by the {mall errours, to which the longitudes 
of all places i in the United States are liable. But as 
this eclipfe was not vifible in Europe, we have had re- 
courfe to obfervations made here, to determine the 
Jatitude and longitude of the moon, and the true time 
of conjunction. 


Yale College, Nov. 24, 1812, 











